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ELECTRONIC STRUCTURE CALCULATIONS

Tungsten ditelluride, WTe2, crystallizes in the orthorhombic Pmn21 space group [1], where the tungsten atoms
form chains along the a axis and lie between sheets of tellurium atoms, forming the a-b planes; the unit cell
is reproduced from the main text in Fig. S1 for convenience. The electronic structure of WTe2 was calculated

Figure S1. (Color online) The
unit cell is shown for the b-c
face projected along the a axis.
The tungsten atoms are sur-
rounded by tellurium octahe-
dra that are distorted due to
the zig-zag nature of the tung-
sten chains.

using both the local spin density approximation (LSDA) as well as the generalized gra-
dient approximation (GGA) using the full-potential linearized augmented plane-wave
(FP-LAPW) method [2] with local-orbital extensions [3] in the WIEN2k implemen-
tation [4]. The system was assumed to be non-magnetic. An examination of different
Monkhorst-Pack k-point meshes indicated that a 9× 5× 2 mesh and Rmtkmax = 7.75
was sufficient for good energy convergence. The geometry of the unit cell was refined
through an iterative process whereby the volume was optimized with respect to the
total energy while the c/a ratio remained fixed. The atomic fractional coordinates
were then relaxed with respect to the total force, typically resulting in residual forces
of less than 0.2 mRy/a.u. For both of these procedures spin-orbit coupling is ignored.
This approach was repeated until no further improvement was obtained. A compar-
ison of the experimental and calculated (relaxed) unit cell parameters are shown in
Table. I.

The electronic band structure has been calculated with LSDA and spin-orbit cou-
pling for several different paths between high-symmetry points in the orthorhombic
unit cell, shown in Fig. S2. This calculation accurately reproduces the work of Ali et
al. [5], as well as an earlier work [6]. The relatively small number of bands crossing
the Fermi level (εF) illustrates the semimetallic character of WTe2. In particular,
there is an electron-like band and a hole-like band crossing Fermi surface along the
Γ − X direction. Figure S2 also reveals that there are several other points in the
Brillouin zone at which hole and electron bands just manage to cross the Fermi sur-
face; however, the electronic structure is quite sensitive to the unit cell geometry, and
that even a small increase (or decrease) in the Fermi level might move these bands
above or below εF. While the paths along the high-symmetry directions are useful,
the contributions of the hole and electron bands to the transport is best understood

Table I. The experimental and theoretical lattice constants and atomic fractional coordinates for the relaxed structure of WTe2
in the orthorhombic Pmn21 space group.

Experimenta Theory (LSDA) Theory (GGA)
a(Å) 3.5306 3.4657 3.5423
b(Å) 6.3443 6.2274 6.3653
c(Å) 14.2123 13.9509 14.2595

W1 ( 1
2
xy) 0.39890 0.50030 0.39866 0.50076 0.39859 0.50039

W2 (0xy) 0.04310 0.48490 0.04368 0.48491 0.04393 0.48502
Te1 ( 1

2
xy) 0.79410 0.59540 0.79507 0.59548 0.79470 0.59428

Te1 (0xy) 0.30040 0.63990 0.29920 0.64169 0.30052 0.63948
Te1 (0xy) 0.85620 0.84510 0.85526 0.84396 0.85649 0.84588
Te1 ( 1

2
xy) 0.35180 0.89020 0.35271 0.89030 0.35225 0.89129

a Ref. 1.
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Figure S2. (Color online) The calculated LSDA electronic band structure of WTe2 including the effects of spin-orbit coupling
shown for several different paths between high-symmetry points for an orthorhombic Brillouin zone (generated using 500 k
points).

from the nature of the Fermi surface.
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Figure S3. (Color online) The (a) small and (b) large hole LSDA Fermi surfaces. (c) Large and (d) small electron Fermi
surfaces. (e) The merged Fermi surface of the electron (yellow) and hole (blue) pockets in the orthorhombic Brillouin zone
along the Γ−X direction.



3

FERMI SURFACE

The Fermi surface has been calculated using LSDA and a dense k-point mesh (10 000 k points, resulting in a
41 × 23 × 10 mesh)[7]. The resulting Fermi surface is shown in Fig. S3 and consists of a total of four pockets; two
hole pockets, one small and one large, shown in Figs. S3(a) and (b), respectively, and two electron pockets, one large
and one small, shown in Figs. S3(c) and (d), respectively. The merged Fermi surface shown in Fig. S3(e) consists of
the electron (yellow) and hole (blue) pockets slightly displaced from the origin of the Brillouin zone along the Γ−X
direction, in agreement with a previous calculation [5] and several experimental observations [8, 9].

DIELECTRIC TENSOR

In the main text the real part of the optical conductivity has been calculated [10] from the the imaginary part of
the dielectric function, σx,x = 2πω= εx,x/Z0, using a fine k point mesh (10 000 k points, yielding a 41×23×10 mesh);
Z0 ≈ 377 Ω is the impedance of free space, resulting the units for the conductivity of Ω−1cm−1.

In this case, the free-carrier contribution is not calculated, so that the imaginary part of the dielectric function is
the sum of the contributions to the dielectric tensor over all the allowed interband transitions. There are a total of
617 energy bands, with the last occupied band occurring at 276. Only direct (q = 0) transitions are considered from
occupied to unoccupied states; this being the case, the bands near the Fermi surface will be of particular importance as
they will make the most significant contributions to the imaginary part of the dielectric function and thus the optical
conductivity. The energy bands within 1 eV of the Fermi level along the Γ−X direction have been labeled in Fig S4.

Figure S4. (Color online) The indexed LSDA energy bands
near the Fermi level along the Γ − X direction in the or-
thorhombic Brillouin zone.

Note that in the main text both σx,x and σy,y have
been calculated; however, whereas σx,x displays promi-
nent structures at 650 cm−1 (80 meV) and 1300 cm−1

(160 meV), the first prominent feature in σy,y only oc-
curs at about 1300 cm−1, therefore this calculation will
focus on the result for imaginary part of εx,x [11]. Tran-
sitions between all energy bands have calculated; how-
ever, we will only consider contributions to = εx,x & 0.5.
These transitions are shown in Fig. S5. For bands 235
and 236, there are only weak contributions from tran-
sitions to bands 241 and 242 that only occur at ener-
gies above about 3400 cm−1 (420 meV); however, for
bands 237 and 238, we see contributions from an in-
creasing number of bands (239 → 244) with a much
lower onset of about 400 cm−1 (50 meV) with noticeable
peaks at about 700 (87 meV) and 2500 cm−1 (310 meV).
The contribution from band 239 is particulary interest-
ing as there is an unusually low-energy transition at about
150 cm−1 (19 meV) with another prominent absorption at
1400 cm−1 (174 meV); for band 240 the strongest absorp-
tion is at about 800 cm−1 (99 meV). For bands 241 and
242, the remaining contributions are fairly small. Thus,
the two strongest contributions are from the transitions 239 → 242 and 240 → 241, which are the energy bands re-
lated to the electron and hole pockets that form the Fermi surface so we may conclude that the low-energy interband
transitions originate from these energy bands.

The sum of all of the contributions to the imaginary part of the complex dielectric function = εx,x is shown in
Fig. S6, with the calculated real part of the optical conductivity shown in the inset [note this is same quantity that
is shown in Fig. 4(c)]. The peak at about 150 cm−1, while prominent in the imaginary part of εx,x, is diminished in
the optical conductivity due to the effects of frequency scaling.
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Figure S5. (Color online) The LSDA contributions to the imaginary part of the dielectric function = εx,x for the various
transitions between occupied (bi) to unoccupied (bf ) bands, beginning at 235 and ending at 242. In each panel, the initial
band is above the horizontal line, while the final band (or bands) is listed below the line; note that the choice of bands was
determined from the criteria at the contribution should be larger than ' 0.5.
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GGA (dashed line).
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